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(57) A method for forming a metal back-attached 
phosphor screen comprises the step of dissolving/re- 
moving or rendering highly resistant a specified area of 
a metal film formed on a phosphor screen by using a 
liquid that dissolves or oxidizes the metal film. After part 
of a metal film is removed or rendered highly resistant, 
an insulating or highly resistant inorganic material may 
be applied to the remaining ends thereof. Alternatively, 
an insulating or highly- resistant inorganic material may 
be added to a dissolving or oxidizing liquid to dissolve/ 
remove or render highly resistant a metal film, and at 
the same time ends of the metal film are coated with the 
inorganic material. In this metal back-attached phos- 
phor screen, electron emission elements and the phos- 
phor screen are protected against destruction/deterio- 
ration by discharging. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a method for 
forming a metal back-attached phosphor screen and an 
image display unit having the metal back-attached 
phosphor screen. 

BACKGROUND ART 

[0002] For a conventional image display unit such as 
a cathode-ray tube (CRT) or a field emission display 
(FED), a metal back-attached phosphor screen which 
has a metal film formed on the inner surface (surface 
opposite to the face plate) of a phosphor layer has been 
used extensively. 

[0003] Such a metal film is called the metal back layer 
and it reflects light advancing to an electronic source, 
which is in light emitted from a phosphor material by 
electrons emitted from the electronic source, toward the 
face plate to enhance brightness and also serves to sta- 
bilize the potential of the phosphor layer as an anode 
electrode. And, the metal back also has a function to 
prevent the phosphor layer from being damaged by ions 
which are generated when gas remaining in a vacuum 
envelope is ionized. 

[0004] Particularly, the FED had a disadvantage that 
an electric discharge (vacuum arc discharge) occurred 
easily when images were formed for a long period be- 
cause there was a small gap (space) of approximately 
one to several millimeters between the face plate having 
a phosphor screen and a rear plate having electron 
emission elements, and a high voltage of approximately 
1 0 kV was applied to the very small gap to form a high 
electric field. 

[0005] And, when such an abnormal electric dis- 
charge occurred, a large discharge current in a range of 
several amperes to several hundred amperes flowed in- 
stantaneously, so that there was a possibility that elec- 
tron emission elements of a cathode section and a phos- 
phor screen of an anode section were destructed or 
damaged. 

[0006] In order to ease a damage in case of the oc- 
currence of an abnormal electric discharge, there is pro- 
posed an image display having a metal back layer (an 
anode electrode) in which gaps are formed in a zigzag 
form (meandering form) or a spiral form (coil form) in 
Japanese Patent Laid-Open Applications No. 
2000-311642, No. 2000-251797, No. 2000-326583, etc. 
And, there is proposed a method of cutting with laser or 
vapor deposition with a metal mask for fabricating and 
forming the anode electrode into a zigzag form or the 
like. 

[0007] But, the image display had disadvantages that 
it required an expensive and large-scale device such as 
a laser generator in order to cut and fabricate the anode 
electrode and that an effect of preventing an electric dis- 



charge from occurring between the anode section and 
the cathode section was insufficient. 
[0008] The present invention has been made to rem- 
edy the above-mentioned disadvantages and provides 

5 a method for forming a metal back-attached phosphor 
screen which prevents electron emission elements and 
a phosphor screen from being destructed or deteriorat- 
ed by an electric discharge and an image display unit 
capable of making highly bright and high quality display 

10 without having the deterioration of brightness. 

SUMMERY OF THE INVENTION 

[0009] A method for forming a metal back-attached 

15 phosphor screen of the present invention comprises 
forming a phosphor screen, which has a light absorption 
layer and a phosphor layer both arranged in prescribed 
patterns, on an inner surface of a face plate, forming a 
metal film on the phosphor screen, and removing or ren- 

20 dering highly resistant a prescribed area of the metal 
film with a liquid that dissolves or oxidizes the metal film. 
[0010] The image display unit of the invention com- 
prises the metal back-attached phosphor screen, which 
is formed by the above-described method for forming a 

25 metal back-attached phosphor screen. 

[0011] Another aspect of the image display unit ac- 
cording to the invention comprises an envelop having a 
face plate and a rear plate which is disposed to oppose 
the face plate, multiple electron emission elements 

30 formed on the rear plate, and a phosphor screen formed 
on the face plate to oppose the rear plate so to emit light 
by an electron beam emitted from the electron emission 
elements, wherein the phosphor screen is the metal 
back-attached phosphor screen formed by the aforesaid 

35 method for forming a metal back-attached phosphor 
screen. 

[0012] In the method for forming a metal back-at- 
tached phosphor screen of the invention, at least part of 
an area of the metal film located on the light absorption 

40 layer may be coated with the liquid that dissolves or ox- 
idizes the metal film. And, the liquid that dissolves or 
oxidizes the metal film may be an acid liquid of pH 5.5 
or below or an alkali liquid of pH 9 or higher. 
[0013] And, an insulating or highly resistant inorganic 

45 material having a binding property may be applied to the 
remaining ends of the metal film after the metal film is 
partly removed or rendered highly resistant. Besides, a 
mixed liquid which is prepared by adding an insulating 
or highly-resistant inorganic material having a binding 

50 property to an acid liquid of pH 5.5 or below or an alkali 
liquid of pH 9 or higher may be used as the liquid that 
dissolves or oxidizes the metal film, the part of the metal 
film to which the mixed liquid is applied may be removed 
or rendered highly resistant and at the same time, the 

55 remaining ends of the metal film may be coated with the 
inorganic material. 

[0014] A prescribed region of the metal film formed on 
the phosphor screen is treated with a liquid that dis- 
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solves or oxidizes the metal film, and the metal film of 
the portion treated with the liquid is dissolved and re- 
moved or transformed into an oxide having a high elec- 
tric resistance value. As a result, in the image display 
unit having the metal film as the anode electrode, an 
electric discharge is prevented from being generated 
and, if an electric discharge is generated, the peak value 
of discharge current is suppressed. Because the maxi- 
mum value of energy emitted at the time of electric dis- 
charge is reduced, the electron emission elements and 
the phosphor screen are prevented from being destruct- 
ed/damaged or deteriorated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Fig. 1 is a diagram schematically showing a struc- 
ture of the metal back-attached phosphor screen 
formed in a first embodiment of the invention. 
Fig. 2 is a sectional diagram showing a structure of 
an FED having the metal back-attached phosphor 
screen of the first embodiment as an anode elec- 
trode. 

Fig. 3 is a graph showing a change in discharge cur- 
rent with time of the FED having the metal back- 
attached phosphor screen of the first embodiment. 
Fig. 4 is a perspective diagram showing a color FED 
provided with the metal back-attached phosphor 
screen formed by Example 1 of the invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0016] Embodiments of the invention will be de- 
scribed. It is to be understood that the present invention 
is not limited to the following embodiments. 
[0017] In the first embodiment of the invention, after 
a light absorption layer of a black pigment having a pre- 
determined pattern (e.g., a stripe pattern) is formed on 
the inner surface of a face plate by photolithography, 
ZnS-based, Y 2 0 3 -based or Y 2 0 2 S-based phosphor 
material liquid is applied to the aforesaid layer by a slurry 
method or the like and dried, and patterning is conduct- 
ed by photolithography to form a three color phosphor 
layer of red (R), green (G) and blue (B). The phosphor 
layer of the individual colors may be formed by a spray 
method or a printing method. The spray method or the 
printing method can also be used together with the pat- 
terning according to photolithography if necessary. 
[0018] Then, a metal back layer is formed on the 
phosphor screen formed as described above. For ex- 
ample, to form the metal back layer, there can be adopt- 
ed a method by which a metal film of aluminum (Al) or 
the like is formed by vacuum deposition on a thin film of 
an organic resin such as nitrocellulose formed by a spin 
method, and organic substances are removed by bak- 
ing. The metal back layer can also be formed by using 
a transfer film as descried below. 



[001 9] The transfer film has a structure in that a metal 
film of Al or the like and an adhesive agent layer are 
superposed sequentially on a base film via a parting 
agent layer (a protective film, if necessary). This transfer 

5 film is disposed so to contact the adhesive agent layer 
with the phosphor layer and pressurized. A stamp meth- 
od, a roller method or the like is available as a pressing 
method. Thus, the transfer film is pressed to adhere the 
metal film, and the base film is peeled so as to transfer 

10 the metal film to the phosphor screen. 

[0020] Then, a liquid that dissolves or oxidizes the 
metal film (hereinafter referred to as a dissolving or ox- 
idizing liquid) is applied to a prescribed area of the metal 
back layer (a metal film) to dissolve and remove the met- 

15 al film to which the liquid is applied or to transform into 
an oxide having an electric resistance higher than the 
metal. 

[0021] Here, it is desired that the area of the metal film 
to which the dissolving or oxidizing liquid is applied is at 

20 least a part of the area positioned on the light absorption 
layer of the lower layer's phosphor screen. By configur- 
ing in that way, an influence due to reduction in bright- 
ness caused by reduction in reflectance can be mini- 
mized even if metal's inherent reflectance is lost from 

25 the portion by dissolving or rendering highly resistant 
the metal film. 

[0022] The dissolving or oxidizing liquid can be an ac- 
id liquid of pH 5.5 or below or an alkali liquid of pH 9 or 
higher. As the acid liquid, an aqueous solution of phos- 
30 phoric acid, oxalic acid or the like is used, and as the 
alkali liquid, an aqueous solution of sodium hydroxide, 
potassium hydroxide, sodium carbonate or the like is 
used. 

[0023] As a method of applying such a liquid, an ink- 

35 jet type coating method or a method of coating by spray- 
ing using a mask with openings can be used. 
[0024] After the dissolving or oxidizing liquid is coated 
as described above, heating to a temperature of approx- 
imately 450°C is conducted to remove or to transform 

40 into a highly resistant oxide at least part of the area of 
metal back layer (a metal film) corresponding to the light 
absorption layer. The dissolving or oxidizing liquid can 
also be coated after the organic material is removed by 
the heating treatment, and it is desirable to use a weakly 

45 acidic liquid or a weakly basic liquid. 

[0025] The metal back-attached phosphor screen ob- 
tained as described above is shown in Fig. 1 . In the 
drawing, reference numeral 1 denotes a glass substrate 
(face plate), 2 denotes a light absorption layer (light- 

50 shielding layer), 3 denotes a phosphor layer, 4 denotes 
a metal film (metal back layer) such as an Al film, 5 de- 
notes a dissolved/removed portion of the metal film or 
a high resistant portion formed of a metal oxide. 
[0026] An FED having the metal back-attached phos- 

55 phor screen as an anode electrode is shown in Fig. 2. 
This FED is configured so that a face plate 7 having a 
metal back-attached phosphor screen 6 and a rear plate 
9 having electron emission elements 8 which are formed 
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in matrix are disposed to oppose mutually with a small 
gap G of approximately one to several millimeters be- 
tween them, and a high voltage of 5 to 1 5 kV is applied 
to the very small gap G between the face plate 7 and 
the rear plate 9. 

[0027] Because the gap between the face plate 7 and 
the rear plate 9 is very small, an electric discharge (di- 
electric breakdown) occurs easily between them. But in 
the FED having the metal back-attached phosphor 
screen produced by the first embodiment of the inven- 
tion, the occurrence of an abnormal electric discharge 
is suppressed, and the peak value of the discharge cur- 
rent when an electric discharge occurs is suppressed 
as indicated by (a) in Fig. 3, and a momentary concen- 
tration of energy can be avoided. And, when the maxi- 
mum value of discharge energy is reduced, the electron 
emission elements and the phosphor screen are pre- 
vented from being destructed/damaged or deteriorated. 
[0028] And, in the FED, the dissolved/removed por- 
tion of the metal film or the high resistant portion made 
of a metal oxide is limited to the area corresponding to 
the light absorption layer, so that the reflection effect of 
the metal back layer is hardly decreased. Therefore, 
substantial reduction in brightness does not occur. 
[0029] A change in discharge current with time in a 
conventional FED is indicated by (b) in Fig. 3. A dis- 
charge current of the conventional FED has a large peak 
value, and the discharge energy concentrates at the mo- 
ment when the electric discharge occurs, so that the 
electron emission elements and the phosphor layer 
(phosphor screen) are damaged easily. 
[0030] Because the dissolving or oxidizing liquid is ap- 
plied and the metal film is dissolved/removed or ren- 
dered highly resistant, boundary ends of the remained 
metal film with the removal portion or the high resistant 
portion have a sharp shape, e.g., a notched shape, on 
which an electric field concentrates easily. And, it hap- 
pens that the electric field concentrates on the acute- 
angle portions to induce an electric discharge, in that 
case, a peak value of the discharge energy is reduced, 
but the number of electric discharge might increase in- 
stead. 

[0031 ] To prevent such a disadvantage, a second em- 
bodiment of the invention applies a dissolving or oxidiz- 
ing liquid to the metal back layer (metal film) to dissolve/ 
remove the liquid applied portion of the metal film or 
transformed into a highly-resistant oxide, and then the 
remained ends of the metal film dissolved/removed or 
rendered highly resistant are coated with an insulating 
or highly- resistant inorganic material having a binding 
property. 

[0032] As the insulating inorganic material having a 
binding property, flit glass, silica, alumina and the like 
are listed. As the inorganic material having higher re- 
sistance than the metal configuring the metal back layer, 
graphite, carbon black, conductive metal oxide and the 
like are listed. Such materials are applied by screen 
printing, spray coating or the like to coat the ends of the 



metal film remained as a result of the dissolving/remov- 
ing or rendering highly resistant. 
[0033] According to the second embodiment, an elec- 
tric discharge by the localized concentration of an elec- 

5 trie field is avoided, and a phosphor screen having an 
outstanding withstand voltage characteristic can be ob- 
tained. And, a withstand voltage characteristic of the 
metal back-attached phosphor screen is improved more 
stably, and the frequency of electric discharges is re- 

10 duced considerably. 

[0034] Besides, according to a third embodiment of 
the invention, a mixed liquid which is prepared by adding 
an insulating or highly-resistant inorganic material hav- 
ing a binding property to the dissolving or oxidizing liquid 

15 is used, the mixed liquid-applied portion of the metal film 
is dissolved/removed or rendered highly resistant, and 
at the same time, the ends of the remained metal film 
are coated with the insulating or highly-resistant inor- 
ganic material. 

20 [0035] By the third embodiment, the metal back-at- 
tached phosphor screen having its withstand voltage 
characteristic improved more stably, and the occurrence 
of an electric discharge lowered considerably can be 
formed efficiently by a minimum number of steps. 

25 [0036] Then, specific examples having the present in- 
vention applied to the image display unit (FED) will be 
described. 

Example 1 

30 

[0037] A light absorption layer (light-shielding layer) 
in a stripe shape of a black pigment was formed on a 
glass substrate by photolithography, and a three color 
phosphor layer of red (R), green (G) and blue (B) was 
35 patterned to have a stripe pattern and to be side by side 
between a light-shielding portion and a light-shielding 
portion by the photolithography. Thus, a phosphor 
screen was formed. 

[0038] Then, a metal back layer was formed on the 
40 phosphor screen. Specifically, an organic resin solution 
mainly containing an acrylic resin was applied to the 
phosphor screen and dried to form an organic resin lay- 
er, on which an Al film was formed by vacuum deposi- 
tion, then heating was conducted for baking at a tem- 
45 perature of 450°C for 30 minutes to decompose and re- 
move organic contents. 

[0039] Subsequently, a solution of 5% of sodium hy- 
droxide (NaOH) and the remainder of water was 
sprayed to the Al film by using a metal mask, which had 
so openings in positions corresponding to the light absorp- 
tion layer, with the substrate kept at a temperature of 
50°C, and baking was conducted at a temperature of 
450°C for ten minutes. 

[0040] By applying the solution and baking as de- 
55 scribed above, the solution applied portion of the Al film 
was oxidized to become a highly-resistant layer having 
a surface resistivity on the order of 10 10 O/ (square; the 
same is applied below). And, this high resistant Al oxide 
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layer was formed to have a stripe pattern on the con- 
ductive Al film. 

[0041] Then, a panel having the metal back-attached 
phosphor screen was used as a face plate to produce 
an FED by a common procedure. First, an electron gen- 
eration source, which had a large number of surface 
conduction type electron emission elements formed in 
a matrix form on a substrate, was fixed to a rear glass 
substrate to produce a rear plate. 
[0042] The rear plate and the glass panel (face plate) 
were then disposed to oppose mutually through a sup- 
port frame and a spacer and sealed with flit glass. At 
that time, the gap between the face plate and the rear 
plate was determined to be 2 mm. Then, required pro- 
cedures such as evacuation, sealing and the like were 
conducted to complete the FED having the structure as 
shown in Fig. 4. tn the drawing, reference numeral 10 
denotes a rear plate, 1 1 denotes a substrate, 1 2 denotes 
surface conduction type electron emission elements, 13 
denotes a support frame, 14 denotes a face plate, and 
15 denotes a metal back-attached phosphor screen. 
[0043] The FED obtained in Example 1 was meas- 
ured for evaluation of its withstand pressure character- 
istic by a common procedure. A maximum voltage (max- 
imum withstand voltage) not reaching an electric dis- 
charge was 10 kV in Example 1 while it was 8 kV in a 
conventional structure. And, the maximum value of oc- 
casional electric discharge energy due to fall-off parti- 
cles was reduced to 20%, and damage to the electronic 
source and peeling of the phosphor film could be pre- 
vented. 

Example 2 

[0044] After the Al film was formed on the phosphor 
screen in the same way as in Example 1, a treating so- 
lution consisting of 5% of NaOH, 1 % of Na-based water 
glass and the remainder of water was applied to the Al 
film and baked in the same way as in Example 1 . 
[0045] By the application of the solution and baking 
as described above, the Al film of the applied portion 
was oxidized and became a highly resistant layer having 
a surface resistivity on the order of 10 10 Q/. And, this 
high resistant Al oxide layer having a stripe pattern was 
formed on the conductive Al film. It was confirmed by 
observing through a microscope that there was no curl 
at the ends (boundary portions with the Al oxide layer) 
of the Al film. 

[0046] Then, a panel having the metal back-attached 
phosphor screen was used as a face plate to fabricate 
an FED in the same way as in Example 1 . 
[0047] The FED obtained in Example 2 was meas- 
ured for evaluation of its withstand pressure character- 
istic by a common procedure. The maximum voltage 
(maximum withstand voltage) was 12 kV which was 
higher than that in Example 1 . And, the maximum value 
of occasional electric discharge energy due to fall-off 
particles was improved to 20% in the same way as in 



Example 1 , enabling to operate at a higher voltage, and 
there were obtained effects of preventing the electronic 
source from being damaged or the phosphor film from 
being peeled. 

5 

Example 3 

[0048] After the Al film was formed on the phosphor 
screen in the same way as in Example 1 , an ink having 

10 the prescribed composition was printed on an area of 
the Al film on the light absorption layer, and baking was 
conducted at 450°C for 30 minutes. 
[0049] After the treatment, the Al film was measured 
its surface resistance to find that a portion where the ink 

15 was not printed had a surface resistivity of approximate- 
ly 1 QJ , while the printed portion had a surface resistivity 
on the order of 10 5 O/ , and the coated portions of the Al 
film were dissolved/removed by ink printing and baking. 
[0050] Then, a panel having such a metal back-at- 

20 tached phosphor screen was used as a face plate to fab- 
ricate an FED in the same way as in Example 1. 
[0051] The FED produced in Example 3 was meas- 
ured for evaluation of its withstand pressure character- 
istic by a common procedure. The maximum voltage 

25 (maximum withstand voltage) was improved to 15 kV 
higher than that in Example 1 . And, the maximum value 
of occasional electric discharge energy due to fall-off 
particles was improved to 15% equal to or better than 
in Example 1 , and an operation could be made at a high- 

30 er voltage, and there were obtained effects of preventing 
the electronic source from being damaged or the phos- 
phor film from being peeled. 

INDUSTRIAL APPLICABILITY 

35 

[0052] As described above, the present invention re- 
tards the peak value of the discharge current, so that a 
metal back-attached phosphor screen having the elec- 
tron emission elements and the phosphor screen pre- 

*o vented from being destructed or deteriorated is ob- 
tained. Therefore, the image display unit having the met- 
al back-attached phosphor screen is improved its with- 
stand voltage characteristic extensively, and high-defi- 
nition display with high brightness can be realized with- 

45 out suffering from deterioration of brightness. 



Claims 

so 1. A method for forming a metal back-attached phos- 
phor screen, comprising: 

forming a phosphor screen, which has a light 
absorption layer and a phosphor layer both ar- 
55 ranged in prescribed patterns, on an inner sur- 

face of a face plate; 

forming a metal film on the phosphor screen; 
and 



o 
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removing or rendering highly resistant a pre- 
scribed area of the metal film with a liquid that 
dissolves or oxidizes the metal film. 



2. The method for forming a metal back-attached 5 
phosphor screen according to claim 1 , wherein at 
least part of an area of the metal film located on the 
light absorption layer is coated with the liquid that 
dissolves or oxidizes the metal film. 

10 

3. The method for forming a metal back-attached 
phosphor screen according to claim 1 , wherein the 
liquid that dissolves or oxidizes the metal film is an 
acid liquid of pH 5.5 or below or an alkali liquid of 

pH 9 or higher. *5 

4. The method for forming a metal back-attached 
phosphor screen according to claim 1, wherein an 
insulating or highly resistant inorganic material hav- 
ing a binding property is applied to the remaining 20 
ends of the metal film after the metal film is partly 
removed or rendered highly resistant. 



5. The method for forming a metal back-attached 
phosphor screen according to claim 1 , wherein a 25 
mixed liquid which is prepared by adding an insu- 
lating or highly-resistant inorganic material having 

a binding property to an acid liquid of pH 5.5 or be- 
. low or an alkali liquid of pH 9 or higher is used as 
the liquid that dissolves or oxidizes the metal film, 30 
the part of the metal film to which the mixed liquid 
is applied is removed or rendered highly resistant 
and at the same time, the remaining ends of the 
metal film are coated with the inorganic material. 

35 

6. An image display unit, comprising the metal back- 
attached phosphor screen, which is formed accord- 
ing to any of claims 1 to 5, on an inner surface of a 
face plate. 

40 

7. An image display unit comprising an envelop having 
a face plate and a rear plate which is disposed to 
oppose the face plate, multiple electron emission 
elements formed on the rear plate, and a phosphor 
screen formed on the face plate to oppose the rear 45 
plate so to emit light by an electron beam emitted 
from the electron emission elements, wherein the 
phosphor screen is the metal back-attached phos- 
phor screen formed according to any of claims 1 to 

5. 50 



55 
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FIG. I 
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